Background: Acute colorectal cancer surgery has been associated with a high postoperative mortality. The primary aim of this study was to examine the association between socioeconomic position and the likelihood of undergoing acute versus elective colorectal cancer surgery. A secondary aim was to determine 1-year survival among patients treated with acute surgery. Methods: All patients who had undergone a surgical procedure according to the Danish Colorectal Cancer Group (DCCG.dk) database, or who were registered with stent or diverting stoma in the National Patient Register from 2007 to 2015, were reviewed. Socioeconomic position was determined by highest attained educational level, income, urbanicity and cohabitation status, obtained from administrative registries. Co-variables included age, sex, year of surgery, Charlson Co-morbidity Index score, smoking status, alcohol consumption, BMI, stage and tumour localization. Logistic regression analysis was performed to determine the likelihood of acute colorectal cancer surgery, and Kaplan-Meier and Cox proportional hazards regression methods were used for analysis of 1-year overall survival. Results: In total, 35 661 patients were included; 5310 (14⋅9 per cent) had acute surgery. Short and medium education in patients younger than 65 years (odds ratio (OR) 1⋅58, 95 per cent c.i. 1⋅32 to 1⋅91, and OR 1⋅34, 1⋅15 to 1⋅55 respectively), low income (OR 1⋅12, 1⋅01 to 1⋅24) and living alone (OR 1⋅35, 1⋅26 to 1⋅46) were associated with acute surgery. Overall, 40⋅7 per cent of patients died within 1 year of surgery. Short education (hazard ratio (HR) 1⋅18, 95 per cent c.i. 1⋅03 to 1⋅36), low income (HR 1⋅16, 1⋅01 to 1⋅34) and living alone (HR 1⋅25, 1⋅13 to 1⋅38) were associated with reduced 1-year survival after acute surgery. Conclusion: Low socioeconomic position was associated with an increased likelihood of undergoing acute colorectal cancer surgery, and with reduced 1-year overall survival after acute surgery.
Introduction
Low socioeconomic position is associated with poor shortand long-term survival after elective colorectal cancer surgery 1 -3 . These socioeconomic inequalities in survival are also observed where national healthcare service is available at no additional cost, such as in Scandinavian countries 1 -3 . Socioeconomic position is an indicator of various social and economic factors that influence the position held in society on an individual and area/group level 4 . Socioeconomic factors can have an impact, both positive and negative, on various health-related exposures, and on economic resources that might be important for a healthy lifestyle 4 . Excluded n = 140 Missing data on surgical priority n = 11 Missing data on income n = 31 Missing data on cohabitation or urbanicity n = 85 Migrated within 1 year of acute surgery n = 1 Registered as dead before date of surgery n = 12
In addition, patients who present acutely with colorectal cancer, including obstruction, perforation of the bowel or bleeding, are at higher risk of poor outcome in the short and long term 5, 6 . It is crucial to identify risk factors for acute surgery in order to improve early detection of the disease and perioperative care, and initiate necessary rehabilitation.
The aim of this study was to investigate whether different aspects of socioeconomic position, such as the level of education, income, urbanicity and cohabitation, are associated with a greater likelihood of undergoing acute rather than elective colorectal cancer surgery. A secondary aim was to investigate whether these socioeconomic factors were associated with 1-year survival after acute colorectal cancer surgery.
Methods
Patients were included if they had undergone colorectal cancer surgery between 1 January 2007 and 31 December 2015, and were registered with a colorectal cancer diagnosis in the Danish Colorectal Cancer Group (DCCG.dk) database. The study protocol was registered on ClinicalTrials.gov in July 2018 (NCT number NCT03581890) 7 .
Patients were excluded if they had missing data on surgical priority (acute or elective), income up to 3 years before surgery or cohabitation the year before surgery, if they had migrated or disappeared within 1 year after acute surgery, or were registered as an error with a surgical procedure dated after time of death.
The study was reported according to the STROBE 8 and extended RECORD 9 checklist criteria. It was reported to the Danish Data Protection Agency (registration number 2015-41-3726), but registration with the Danish Ethical Committee was not required according to Danish regulation.
Procedures were conducted in all 17 Danish hospitals that performed colorectal surgery in the study period. Of note, all primary care and hospital care expenses, including diagnostics, treatment and rehabilitation, are free of charge in Denmark, financed by a tax-based system, and no private facilities for treatment of colorectal cancer currently exist.
Data source
National registries, including the DCCG.dk database and other Danish registries, were the data sources. Data between registries are connected using the personal identification number (CPR) provided to all Danish citizens and people with a Danish residence permit 10, 11 .
The DCCG.dk database is a nationwide clinical database established in 2001, registering all incident cases of colorectal cancer in Denmark, with a greater than 95 per cent patient coverage 12 . Patients are registered in the database when they are diagnosed and/or treated for colorectal cancer at any Danish surgical department 12 . Data on patients undergoing a surgical procedure are collected prospectively by the surgical departments and documented The National Patient Register (NPR) is a nationwide register established in 1977, with data on all patient contacts to Danish hospitals 13 . It is considered among the most comprehensive of its kind 13 , and includes data on diagnosis according to the ICD-10 (1994 to the present), time and date of admission, and priority of the admission registered at the end of each hospital contact.
Data on socioeconomic factors were obtained from nationwide administrative registers updated annually by Statistics Denmark by linking the personal identification number to different institutions 14 . The Danish education registries include information on all educational programmes in the country, of which some data date back as far as 1910 15 . Data on education are collected by the Danish Ministry of Education, and are generated from educational institutions. The highest obtained level of education was retrieved from the Danish education registries 15 . Data on disposable income were collected from registries on personal labour market affiliation, which contain information on employment status for all people registered on the Danish labour market 16 . Address and family status were obtained from the Danish Civil Registration System, established in 1968 with continuous information on all people living in Denmark with a CPR number 10 .
Vital status was registered in the Danish Civil Registration Register 10 , and information on 1-year survival was linked to the DCCG.dk database in January 2017. Accordingly, all patients had 1-year follow-up, unless they had migrated or disappeared.
Socioeconomic indicators
Four socioeconomic factors were selected to cover different aspects of the influence on health. These included a knowledge-related asset (education), the economic resources reflecting the affordability of healthy lifestyle (income), geographical aspects and structural support (urbanicity), and social support (cohabitation) 4 .
Level of education was obtained by 1 October in the year before surgery. If information on educational level was missing, the level obtained up to 3 years before surgery was included, thus assuming that few patients would change educational level, considering that colorectal cancer generally occurs at a relatively older age. Education was categorized into three standardized categories: short (7 or 9 years of mandatory primary school for persons born before and after 1 January 1958 respectively), medium (10-12 years of schooling, corresponding to upper secondary school and vocational education) and long (more than 12 years of education, higher education). This Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 5 to 95 per cent range. CCI, Charlson Co-morbidity Index.
corresponds to the International Standard Classification of Education (ISCED 2011) codes; short (ISCED codes 1-2, 9 years or less), medium (ISCED 3-4, 10-12 years) and long (ISCED 5-8, more than 12 years) 17 . Disposable income level was obtained from the registries on personal labour market affiliation in the year before surgery. Patients with missing values on income in the year before surgery were registered with their income up to 3 years before surgery. Income was grouped into quintiles, taking the annual median age-and sex-adjusted income in Denmark into account. Urbanicity is a variable based on geographical resources in the area of the patient's home address, such as number of inhabitants and distance to a main road 18 . This variable reflects structural support from the healthcare system, and is categorized into city, town, rural or peripheral areas. Cohabitation status was defined as living with a partner (married or cohabiting) or living without a partner (single, widowed or divorced), and reflects emotional and instrumental support. Urbanicity and cohabitation status were obtained from the Danish Civil Registration System at the beginning of the year of surgery for each patient.
Co-variables
Data obtained from the DCCG.dk database included age, sex, year of surgery, co-morbidity (Charlson Co-morbidity Index score (0, 1, 2 and 3 or more), smoking status (never smoked, former smoker (more than 8 weeks) or current smoker), alcohol consumption per week (0, 1-14, 15-21 or over 21 units per week), BMI (less than 18⋅5, 18⋅5-25, more than 25-30 or more than 30 kg/m 2 ), UICC stage (I-IV) and localization of the tumour (right colon, transverse colon, left colon or rectum, defined as less than 15 cm from the anal verge).
Outcome measures
The two primary outcomes were the likelihood of acute colorectal cancer surgery and 1-year survival analysis in patients who had an acute procedure. Acute surgery was defined as the patient being registered by the operating surgeon in the DCCG.dk database with an acute procedure, or registered in the NPR with a diverting stoma or insertion of a self-expanding metallic stent (SEMS) in the colon or rectum within 72 h of an acute admission to any department. ICD-10 codes were used to identify these procedures: diverting stoma (KJFF10, KJFF11, KJFF20, KJFF21, KJFF23, KJFF24, KJFF26, KJFF27, KJFF30 and KJFF31) and SEMS in the colon or rectum (KJFA68 and KJGA58A). Overall survival was defined as all-cause mortality calculated 1 year after surgery, and 90-day mortality was defined as all-cause mortality within 90 days of the surgical procedure. No patients were excluded or censored.
Statistical analysis
The association between socioeconomic position and acute versus elective colorectal cancer surgery was analysed using variable. Linearity was tested by inserting a squared term in the model, finding age to be non-linear. Thus, in the model, age was included as a linear spline with cut points at the tertiles. Interactions between education, co-morbidity and age were tested. Among patients who had acute surgery, the association between socioeconomic position and 1-year survival was investigated with Cox proportional hazards regression models, with time from surgery as the underlying timescale. There were no missing data on 1-year survival. Missing data on highest attained level of education, BMI, alcohol consumption, smoking status, tumour stage and localization were handled with multiple imputation using the fully conditional specification method. Ten imputed data sets were generated with all variables included in the multiple imputation, including the primary outcome, 1-year survival. The model was adjusted for confounders (age, sex and year of surgery), and in a second model for potential mediators (CCI score, BMI, smoking status, alcohol consumption, tumour localization and UICC stage). All variables in the model and 1-year survival were included in the imputation.
Survival analysis according to education was conducted using Kaplan-Meier curves after multiple imputation. A Cox proportional hazards regression model was also used to determine whether there was a difference in 90-day mortality in patients who had acute surgery, adjusted for age, sex, year of surgery, CCI score, BMI, smoking status, alcohol consumption, tumour localization and UICC stage.
All results were presented with the corresponding 95 per cent confidence intervals. Analyses were performed using SAS ® version 9.3 software (SAS Institute, Cary, North Carolina, USA).
Results
Between 2007 and 2015, 35 801 patients were eligible for inclusion. Some 140 patients were excluded according to study criteria, only one patient owing to migration within 1 year after acute surgery. On this basis, 35 661 patients were included, 30 351 (85⋅1 per cent) underwent elective surgery and 5310 (14⋅9 per cent) had acute surgery (Fig. 1) .
The majority of patients (73⋅3 per cent) who had acute surgical treatment were extracted from the DCCG.dk database, and the remainder (26⋅7 per cent) were from the NPR.
Educational level was missing for 3⋅9 per cent of patients, the majority of whom (66⋅2 per cent) were more than 75 years old. The variables smoking status and alcohol consumption had the highest proportion of missing data, with 17⋅3 and 16⋅7 per cent missing respectively ( Table 1) . Among patients who had acute surgery, information on BMI, smoking status and alcohol consumption was missing in 26⋅4, 32⋅5 and 31⋅7 per cent respectively ( Table 2) .
Risk of acute versus elective surgery
Some 16⋅7 per cent of patients with a short education had acute surgical treatment, compared with 12⋅6 per cent of patients with a long education ( Table 1) . A greater proportion of patients with a short education reported a smoking habit (17⋅2 per cent), had co-morbidities (44⋅3 per cent) and a BMI above 30 kg/m 2 (15⋅6 per cent). However, an extensive alcohol intake of more than 21 units per week was more common among patients with a prolonged education. UICC stage III and IV were equally distributed according to education in all patients ( Table 1) ; however, among patients who had acute surgery, there was a higher proportion of stage IV in patients with a long education (48⋅6 per cent) ( Table 2 ).
In the logistic regression model, short and medium educational levels were associated with an increased risk of having colorectal cancer requiring acute surgery in patients younger than 65 years compared with patients with a longer education, when adjusting for age, sex, year of surgery, co-morbidity, BMI, smoking status, alcohol consumption, UICC stage and tumour localization (odds ratio (OR) 1⋅58, 95 per cent c.i. 1⋅32 to 1⋅91, and OR 1⋅34, 1⋅15 to 1⋅55, respectively) ( Fig. 2) .
No association between education and the likelihood of acute surgery was observed for other age groups. Low 
Hazard ratio
Values in parentheses are 95 per cent confidence intervals. For each condition, the top (blue) hazard ratio (HR) is adjusted for sex, age and year of surgery, and the lower (orange) HR is adjusted for sex, age, year of surgery, Charlson Co-morbidity Index score, BMI, smoking status, alcohol consumption, UICC stage and tumour localization. In addition, income quintile is adjusted for education, urbanicity is adjusted for education and income, and cohabitation is adjusted for education, income and urbanicity.
income was associated with an increased risk of acute surgery, significant only in the second lowest income quintile group (OR 1⋅12, 95 per cent c.i. 1⋅01 to 1⋅24) when adjusting for the same co-variables and for education. There was no association between urbanicity and acute surgery in the adjusted model. Living alone was associated with an increased risk of acute surgery (OR 1⋅35, 1⋅26 to 1⋅46) in the fully adjusted model (Fig. 2) . The association between confounders/mediators and the risk of acute colorectal cancer surgery is shown in Fig. S1 (supporting information).
Ninety-day mortality
In acutely operated patients, short education was associated with 90-day mortality in the fully adjusted model, although it failed to reach statistical significance (adjusted hazard ratio (HR) 1⋅14, 95 per cent c.i. 0⋅99 to 1⋅32).
One-year overall survival after acute colorectal cancer surgery
Some 40⋅7 per cent of patients died within the first year after acute surgery. Kaplan-Meier analysis showed that unadjusted 1-year survival after acute surgery was lower in patients with a short education (Fig. 3) . The survival difference between patients having a short education versus those with a medium or long education increased gradually over time.
Shorter educational level was associated with poor 1-year survival after acute colorectal cancer surgery when adjusted for age, sex, year of surgery, co-morbidity, BMI, smoking status, alcohol consumption, UICC stage and tumour localization (HR 1⋅18, 95 per cent c.i. 1⋅03 to 1⋅36) (Fig. 4) . In addition, low income was associated with reduced 1-year survival after adjustment: HR 1⋅16 (1⋅01 to 1⋅34) in the lowest income quintile and 1⋅17 (1⋅02 to 1⋅35) in the second lowest income quintile. Urbanicity did not have any association with 1-year survival after full adjustment. Living alone was associated with poor survival (adjusted HR 1⋅25, 1⋅13 to 1⋅38) (Fig. 4) . The association between confounders/mediators and 1-year survival after acute colorectal cancer surgery is shown in Fig. S2 (supporting information) .
Discussion
Despite many structural changes in the treatment of colorectal cancer in the past 10 years and a healthcare system free of charge 19, 20 , there are still differences in the risk of acute surgery and 1-year survival after acute surgery according to socioeconomic status in Denmark. Ten years ago, a Danish nationwide study 1 showed that longer education and living in an owned house improved 30-day survival after elective colorectal cancer surgery compared with that of patients living in a rented house.
Identifying patients by means of screening programmes could reduce the proportion of acutely operated patients. A British study 21 recently documented a 40 per cent reduction in acutely operated patients after the introduction of colorectal cancer screening. Participation in a colorectal cancer screening programme also shows a socioeconomic gradient. Three recent studies 22 -24 found that participation in screening increases with level of education and income, and in patients living with a partner. Low socioeconomic status was also associated with the likelihood of submitting a stool sample ineligible for analysis 25 . A recent French randomized trial 26 with 16 250 participants aimed to improve participation in colorectal screening by introducing a navigator programme. A specially trained social worker contacted non-participant individuals by phone, mail or home visits. The overall participation rate improved significantly, from 21 to 24 per cent, with a higher increase in individuals living in affluent areas 26 . Taken together, the present results and previous findings indicate that different approaches to the screening and treatment of patients with low socioeconomic status might need to be considered in future studies.
In this study, patients who had acute colorectal cancer surgery with short education, low income and lone living were found to have poor 1-year survival. In all age groups, low income and living alone were associated with acute surgery, but in patients aged less than 65 years education was a risk factor for acute surgery. In addition, the risk estimate for short education on survival after acute surgery did not change when adjusting for UICC stage, co-morbidity and lifestyle factors. Thus, these potential mediating factors did not seem to explain the social gradient in survival. A Dutch study 27 of 6736 patients with colorectal cancer found that age, co-morbidity and acute surgery explained the socioeconomic differences in postoperative 30-day mortality following colonic, but not rectal, cancer procedures. Another large study 28 including more than 7000 patients with colorectal cancer also showed that differences in postoperative 30-day mortality correlated with emergency surgery. However, in the full model adjusting for stage of disease and co-morbidity, socioeconomic status was no longer associated with postoperative mortality.
A previous Danish nationwide study 2 conducted between 2001 and 2004, and including 8763 patients with colorectal cancer undergoing resection (85 per cent treated with elective procedures), showed improved long-term overall survival in patients with a high educational level in adjusted analysis. However, in contrast to the present study, the association between educational level and survival was mediated by lifestyle and, particularly, by co-morbidity 2 . The social gradient did not appear to be mediated by lifestyle, co-morbidity or disease characteristics in the present population, and further investigation is warranted to improve treatment possibilities and survival in patients with colorectal cancer and low socioeconomic status.
The estimated effect of socioeconomic status may be stronger in countries where access to timely and optimal healthcare is a barrier for patients with low socioeconomic status 29 . Research from 2014 in the USA showed an increased risk of emergency diagnosis of colorectal cancer in African Americans living in poor neighbourhoods 30 .
A limitation of the present study could be the missing data on the main exposure, education (3⋅9 per cent of the study population), especially among older patients. Missing data for lifestyle factors, BMI, smoking status and alcohol consumption were also pronounced in patients undergoing acute surgery. Missing data were handled with multiple imputation 31 and, in the process of imputation, all variables and the primary outcome were included.
A major strength of the study is that all analyses were based on a clinical database of Danish patients with colorectal cancer with 95-99 per cent completeness. Furthermore, all data in the study were collected prospectively into the registries, independently of the study hypothesis, minimizing the risk of recall bias. However, it should be noted that, among patients who had acute surgery, registries lack information on possible mediators such as the presence of sepsis or tumour perforation at the time of surgery, which could affect postoperative survival 32, 33 . Lack of these data could introduce residual mediation in the results and potentially lead to overestimating the effect of socioeconomic status on presentation and 1-year survival.
An increased focus on perioperative optimization, rehabilitation and surveillance within at least 1 year after acute surgery could be beneficial in this high-risk patient group in improving survival.
